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Description 

This invention relates to catalysts and in particular to catalyst pieces comprising a catalystically ac- 
tive material or a precursor thereto. By the term "catalyst" we Indude not only materials that catalyse 
5 chemical reactions but also materials, such as zinc oxide or zeolites, used as absorbents or adsortjents 
and which in some cases may react, possibly irreversibly, with components, eg impurities, of a fluid 
stream passed through a bed of the catalyst pieces. 

For a process that is not diffusion limited, the catalytic activity depends on the surface area of active 
material on a bed of the catalyst For a diffusion limited process, the activity is increased by increasing 
10 the geometric surface area per unit volume of the catalyst, or precursor, pieces from which the bed is 
formed. While decreasing the size of the pieces has the effect of increa^ng the geometric surface area 
per unit volume of the pieces, it has the adverse effect of increasing the pressure drop resulting from 
the flow of reactants, which are generally gaseous (although in some cases liquid reactants may be enr>- 
ployed), through the bed; usually it ts desirable to minimize this pressure drop. Also catalytic reactions 
15 generally Involve the absorption or evolution of heat; the geometric shape often affects the transfer of 
heat, to or from, the reactants. Further the ease of access of the reactants to and from the active mate- 
rial sites also may have a signiftcarrt effect 

With catalysts made by co-precipitation of the active material or a precursor thereto, optionally to- 
gether with other components such as stabilizing oxidic materials, the geometric shapes of the catalyst 
20 pieces have generally been relatively simple; for example the composition may be pelletized, compacted, 
or extruded and cut, into shapes such as squat cylinders. Where a prefomned support is used, which Is 
subsequently coated or Impregnated with the active material or precursor thereto (and also, in some cas- 
es, witii a stabilising material), the support may be in a more complex shape such as cylinders having one 
or more axial passages, hollow cylinders with partitions, eg spoked "wagon wheels" saddles, monoliths, 
25 and honeycombs, which give desirable pressure drop and heat transfer characteristics and also a rea- 
sonably high geometric surface area, and hence, after Impregnation or coating, and activation, eg re- 
duction, if necessary, a reasonably high surface area of active material per unit catalyst bed volume. 
However difficulties are often encountered In produdng supports in such complex shapes. 

In the present invention the support is in the form of pieces having a particular open foam structure. 
30 It has been proposed in GB-A-1 349400 to produce porous support materials in relatively complex 
shapes by shaping a polyolefin composition containing a ceramic filler, burning out the poiyolefin, and 
then firing to cause the residual ceramic material to a self-supporting ceramic body. 

In the present invention a somewhat different approach is adopted which enables relatively complex 
geometric shapes to be readily made, if desired, and which leads to a structure having a significantiy 
35 greater porosity and hence improved access of the reactants to the active material impregnated into the 
support The increased porosity enables there to be convection through the catalyst piece rather than 
merely stow diffusion of the reactants and products Into and out of the catalyst pieces. 

It has been proposed in GB-A-2070957 to employ a ceramic foam as a support for a catalytically ac- 
tive materia!. Ceramic foams have heretofore been made by impregnating an open cell foam of an organ- 
40 ic plastics material, such as a polyurethane, with a relatively low viscosity aqueous slurry of a ceramic 
material, such as alumina, removing the excess of the slurry by blowing air through the impregnated foam 
or by compressing the foam in one or more stages, as described for example in GB-A-1 537549 and GB- 
A-2027688, drying, and then caldning to remove the organic material and to cause the ceramic particles 
to sinter. In such processes the ceramic material forms a coating on the organic plastics foam so that on 
45 removal of tine organic material in the caldning step, the resultant ceramic foam Is virtually a ceramic 
copy of the plastic foam siteleton, except that tiie filaments thereof often have a hollow "core". Such ce- 
ramic foams are characterised by a relatively low bulk density and a high voidage; the latter is typically 
70 to 95% of the volume of the ceramic foam unit 
While such ceramic foams may be satisfactory as catalyst supports for some applications, eg exhaust 
50 gas deaning, for most catalytic applications involving the use of a random packed bed of units of the ce- 
ramic foam bearing a coating of the active material, as a consequence of the low bulk density and high 
voidage of the foam, the amount of active material in a given catalyst bed volume is generally inade- 
quate. Also often the ceramic foams lack the mechanical strength necessary to withstand the crushing 
forces imposed in a catalyst bed of the volume normally encountered in large scale catalytic processes. 
55 We have devised attemative ceramic foam supports. In tiie present invention the supports may be 
made as descn*bed above except that the impregnation of tfie organic plastics foam is conducted so as to 
ensure that tiie pores of the foam are substantially filled with a slurry that is relatively viscous and thixo- 
tiopic so that on drying, the ceramic material remains in tiie pores of the foam: upon caldning the plas- 
tics material is burnt out so that the resultant staicture is a "negative" of the original plastic foam: tfius 
60 there is no compression of the foam, or air blast therethrough, to expel slurry from the plastics foam. In 
contrast to tiie foams of the aforesaid references svhere the ceramic material merely forms a coating on 
the walls of the foam, so that upon removal of the plastics material, the passages through the ceramic 
foam essentially correspond to the passages in the original plastics foam, in the present invention the 
passageways through the ceramic foam unit con-espond to the plastics material of the plastics foam rativ 
65 r than the pores th reof. Th ceramic foam units of the invention are characterised by a small av rag 
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pore size, a relatively high bulk density, and a lower total porosity compared with the toams nrade aocord- 

ina to the aforesaid references. ^ « ^—r^-,^ 

Accordingly the present Invention provides a catalyst, or a precursor thereto, compnsing a reramic 
material comprising, or supporting, the active catalyst or a material com^ertiWe thereto, wherein the ce- 

5 r^ic material is a foam having a networi< of irregular passages extending therethrough, said pa^^es 
having an average minimum dimension in the range of 20 to 300 jun, said foam having a total porosity in 

the range 40 to 85% and an apparent density of at least 1 .0 g.cm-3. „„. „. .h„ «vt«r 

The apparent density of the ceramic foam, ie the density as determined by measurement of ttie exter- 
nal dimensions and the weight, is preferably below 5 g.cm-3. and in particular is in the range 1 to 2.5 g-oii- 

10 3 Where the pieces of the ceramic foam are of an irregular shape, eg granule obtained by fragmente- 
tion so that their volume Is not readily determined by measuring the external dimensions of the pieces, 
the "apparent density may be detemiined from the weight of the pieces and the bulk «'ens|5' of a bed of *e 
Diec^ assuming a packing fraction appropriate to pieces of that shape and see distnbuton. Altema- 
tively it may be appropriate to assume that the pieces approximate to a geometnc shaiM whose volurne 

15 can be calculated from the dimensions. Altematively the volume may be determined by filling at least *e 
outer pores of the ceramic foam with a suitable material, eg wax. and determining the volume by displace- 

'"The°w^te'foJltls employed in the present invention preferably have a total Pore volume of less tiian 
2cm3g-i.and particularty in the range 0.2 to 1.5cm3.g-'. and most preferably m tlie range 0.2 to 
20 0 8 cms n-i. By the term total pore volume we mean the volume of the foam as determined by its external 
dimensions less the volume occupied by the ceramic material itself. The latter may be deteirnined by 
measuring the hefium density. The total pore volume is the difference between the reaprocal of the heli- 
um dens^ and the reciprocal of the apparent density. In the ceramic foams of the present invention. 
Dart of the total pore volume is in the fomi of relatively large pores, herein termed megapores, whereas 

25 ttie remainder is in the tomi of pores of sizes nomially encountered in ceramic cata"ys» supports Con- 
ventionally the pore volume of a ceramic catalyst support is determined from measuremem of the density 
in mercury and the density in helium (both measured at atmospheric pressure). In the foams employed in 
the present invention the pore volume determined in this way, ie the difference between the reaprocal of 
the mercury density and the reciprocal of the helium density. Is tenned the micropore volume, and is typi- 

30 cally in the range 0.02 to 0.3 cma.g-^. It will be appreciated that the apparent density, total pore volume 
and micropore volume, will of course depend to some extent on the natore of the ceramic matenal. 

The total porosity, which is the product of the total pore volume and the appareiit density, and is ex- 
pressed as a percentage, of the ceramic toams employed in the present invention is in the range 40 to 
85%. preferably 50 to 80%. and is generally less than materials made by the aforesaid methods mvolving 

35 removal of ceramic dispersion from the impregnated foam by squeezing or by means of an air Mast. 
Foams made by that method generally have a totel porosity above about 85%. a total pore volume above 
about 1.6 cm3.g-i and an apparent density below 0.6 g.cm-a. From measuremem of the mercury density 
as aforesaid. H is also possible to determine a megaporosity. ie the proportion of the overallvolume that 
is in the fomi of the megapores and hence the ratio of the megaporosity to the total porosity. The megapo- 

40 rosity is the ratio of the difference between the mercuiy density and the apparem density to the mercury 
den^tv The ratio (expressed as a percentage) of the megaporosity to the total porosity is ^pically in the 
ranoe 60 to 90%. whereas the materials made as aforesaid by methods Involving removal of ceramic ma- 
terial from the impregnated foam by squeezing or by means of an air blast, typically have a megaporost- 
ty/total porosity ratio of well above 90%, often about 95% or more. ^ . ^ . ui 

45 The surface area of the ceramic foam, as measured by the BET method using nitrogen, is preferably in 

^^'^/teTrSllratld'alSS'S ceramic foam catalyst or support may be made using an open cell organic plas- 
tics foam: particularty suitebte foams are flexible open-cell polyurethane foams, preferably *ose having 
more thaA 5 pores per linear cm. The catalyst, or support, is generally required m \partoular geometoc 

so shape The plastics foam may be cut and machined, eg stamped, from a sheet or block into the des red ex- 
ternal shape of the support pieces. Altematively plastics foam pieces having the desired exlemal shape 
of the desired pieces inay be produced directly in the fabrication process, eg casting, moulding, or extoi- 
Son er^loyed in the p^duction of the plastics foam. In another altemative a sheet, rope, or block o^ 
the elastics foam may be impregnated with a slurry of the ceramic matenal and after drying, but before 

55 SdrSS^d s^tering. machined to the desired shape. Since some shrinkage wfll Berorally occur during 
^ caldnation and sintering stages, the plastics foam pieces will generally be sofnewhat laijer than the 
"eared sintered ceramic foim pi^eces. For some applications a catalyst .or support, in the fom, rf 

•irregular shapes, eg granules, is required. In this case the ptastics foam may be S^und to the desired 
siTe prior to impr^nation. Altematively the dried impregnated foam, or the ceramic foam produced by 

Kn the calcination of the dried impregnated foam, may be fragmented. . — .,• < 

iT^mfc mateital used^in tiie slurry will depend on tiie intended use of «?« .'^^^T^'^i'^"'-^ 
materials fe containing tess than 0.5% by weight of silica, g alumma (generally m the alpha form) or ca^ 
dSm Sn^^em are particuteriy Citable where the catalyst is for steam refomung^ f '^1°'^^ 
SrnSterialThowever can otten be employed for other applications. Other matenab that can be em- 

65 SoyKlude rSnesta. rare earths, zbwnia. and titanta. Mixtures of ceramic matenals can be em- 
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ployed. The ceramic material should have a partide size such that it can readily be dispersed in the carri- 
er liquid, which ts conveniently water, of the slurry, and p netrate into the air spaces in the plastics 
foam. Generally ceramic particles having a size in the range 0.1 to 10 jim are suitable. The slurry typically 
contair^ at least 20% by weight of the ceramic material and in particular from 30 to 80% by weight Addi- 

5 tives such as wetting agents, dispersion stabilbers such as polyvinyl alcohol, artd ^^scos^ty modifiers 
may usefully be incorporated into the sluny. The slurry employed is preferably thixotropic. having a rela- 
tivety high viscosity, preferably above 1000 cp, particularly above 1500 cp, under low shear and a rela- 
tively low viscosity, preferably below 500 cp, particularly below 300 qs, under high shear conditions. In 
this context, the viscosity of the dispersion may be measured, at room temperature, using a Haake Roto- 

10 visco rotating vane viscometer using a shear rate of 24 secri for the low shear conditions and a shear 
rate of 441 sec-^ for the high shear conditions. In order to obtain a reliable indication of the thixotropic 
nature of the dispersion, the viscometer should be run for a period of 5 minutes at the high shear rate 
before taking the measurement 
The Impregnation of the plastics foam is conveniently effected by immersing the plastics foam in the 

15 sluny, while the latter is sheared to reduce its viscosity, and displacing air from the foam, eg by squeez- 
ing or vibrating the foam whOe so immersed. 

The impregnated foam is then removed from the slurry bath and dried. It is often desirable, in order to 
avoid the formation of a skin of the ceramic on the surface of the impregnated plastics foam, to blot the 
surface of the impregnated foam with an absort>ent material; alternatively the excess of slurry on the 

20 surface of the foam may simply be allowed to drain away. In contrast to the aforementioned techniques 
produdng a ceramic foam structure that is a positive replica of the foam, no compression of the impreg- 
nated foam or passage of an air blast through the foam is employed after impregnation. E)rying of the 
foam is usually effected at a temperature below 100^C and may be effected under controlled humidity 
conditions. 

25 The plastics material is then removed from the impregnated foam by heating in ain this heating may be 
part of the calcination step causing the ceramic particles to sinter. 

Generally calcination temperatures above lOOO'^C are required to cause the ceramic partides to sin- 
ter to give a product having adequate mechanical strength. However removal of the organic material 
can generally be effected at significantly lower temperatures, eg 400 to 600*C The temperature re- 

30 quired for sintering will depend on the nature of the ceramic material^ the required BET surface area of 
the support and the desired mechanical strength. For alpha alumina ceramic foams the calcination tem- 
perature is preferably in the range 1 300 to 1450K). 

In a preferred process, a polyurethane foam 'rope* is continuously passed through a bath containing 
the aqueous dispersion of the ceramic material eg alpha alu mina. passed through the nip between a pair 

35 of rollers In the bath so as to expel air. and allowed to drain, before drying and calcining. The rope is cut 
into suitable size lengths before or after drying but preferably before calcination. The 'rope" may be of 
any suitable cross section, eg drcular, square, or hexagonal, and should be somewhat larger than the 
desired cross section of the catalyst partides in order to allow for shrinkage occurring during the cald- 
nation/sintering stage. Typically the degree of volume shrinkage occuring during the caldna- 

40 tion/sintering stage is in the range 20 to 60%. The overall dimensions of the ceramic foam pieces are 
preferably in the range 2 to 20 mm. 

By this technique it is possible to form macro-porous alpha alumina shapes of considerable strength. 
A typical product has the following characteristics: 
BET Surface area 0.1 m^.g^ 

45 Helium density 3.97g.cm-3 
Mercury density 3.05g.cm-3 
Apparent density 1.35g.cm"3 
Total pore volume 0.49cm3.g^ 
Micropore volume O.OScm^.g-^ 

50 Total porosity 66% 
Megaporosity 56% 

After sintering the ceramic foam ^eces are impregnated with the active material, or a precursor 
thereto, ie a material that is convertible to the active material by heating and/or oxidation or reduction, 
optionally together with other materials, eg stabilisers or precursors thereto. For example for forming a 

55 catalyst precursor for use in steam reforming processes, the support material is usually impregnated 
with a nickel and/or cobalt compound, eg a salt such as the nitrate, optionally together with a salt eg alu- 
minium nitrate, that decomposes to give a stabilising oxide. On heating, the nitrates decompose to the re- 
spective oxides and on subsequent reduction in a hydrogen-containing gas stream (which reduction is 
nonnally performed in the steam reformer) the nickel and/or cobalt oxides are reduced to the active met- 

60 aL 

The sintered ceramic foam pieces may be Impregnated more than once if desired in order to achieve a 
desired loading of the active material or precursor thereto. Preferably the impregnated support is cal- 
dned, eg at 350 to 750»C, to decompose metal comp undsto xides between impregnations. 

Since the ceramic foam support is gen rally sintered, in ord r to provide the desired mechanical 
65 strength, to such an xtent that it has a low BET surface area, the ceramic foam itself will generally not 
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exert any significant stabilising effect to prevent sintering of the addve niaterial, where the latter is a 
metal, during use. For this reason it is strongly preferred to incorporate a stabiliser, or precursor there- 
to, in 'the medium used for Impregnating the support with the active material or precursor thereto. Alter- 
natively the support may be impregnated altemately with the active material, or precursor thereto, and 

5 with the stabiliser or precursor thereto. The stabiliser may be chemically similar to the ceramic support 
for example the support may be an alpha alumina foam and the stabiliser may also be alumina. However 
the stabiliser is not calcined to such an extent as the ceramic foam and can generally be separated from * 
the ceramic foam by leaching with a suitable leachant, eg, in the case of alumina, with sulphuric add. 
Where the active catalyst is a metal and is produced by reducing a precursor comprising a reducible 

10 metal compound, it is preferred that the amount of stabiliser is 10 to 50% by weight of the reducible metal 
compound in order to provide the optimum combination of good catalytic activity and long catalyst life. 

The invention is particulariy suited to the production of precursors for reforming catalysts. In such a 
reforming process a hydrocarbon feedstock, such as methane, natural gas. LPG, or naphtha, is reacted 
with steam and/or carbon dioxide in the presence of a supported nickel and/or cobalt catalyst, with the 

15 heat requi red for the endothermic reaction being supplied from the sensible heat of the reactants or 
from an external heat source. The reforming is preferably effected at a pressure in the range 1 to 50 bar 
abs. and at a reformer outlet temperature in the range 700 to 900°C, or even higher, eg up to 1100°C, 
particulariy where the reforming process is employed to produce hydrogen for use in iron ore produc- 
tion, or where the refonning process follows partial combustion with an oxygen-containing gas, eg air, as 

20 in "secondary refomning" as employed in the production of ammonia synthesis gas. The reaction is pref- 
erably performed in the presence of an excess of steam and/or carbon dioxide. Preferred amounts of 
steam are 1 .5 to 6, particulariy 2.0 to 5. g mols of steam per g atom of carbon in the feedstode 

The invention is also of use in other catalytic processes such as: 
methanation, which generally involves the use of a supported nickel and/or cobalt catalyst; 

25 hydrodesulphurisation, generally involving a mixture of cobalt and molybdenum oxides and/or sulphides 
as the active catalyst - such materials are also effective as catalysts for hydrocracking hydrocartDons 
such as fuel oils into shorter chain hydrocarbons; , ^ . j 

catalytic combustion, wherein the active catalyst is generally a noble metal such as platinum, often in ad- 
mixture with nickel - particular uses for such combustion catalysts are in space heaters and in hair curt- 

30 ers' 

ethylene oxidation, wherein the active material Is generally silver; 

xylene oxidation, wherein the active material is generally vanadium pentoxide; 

sulphur dioxide oxidation to sulphur trioxide, wherein the active catalyst is vanadium pentoxide; 

hypochlorite decomposition, where the active catalyst is usually supported nickel, cobalt and or copper - 

35 in this case the reactants are usually in the form of an aqueous solution. 

Another application of the materials of the present invention is in the removal of carbon partides from 
gas streams, eg in automobile exhaust gas deaning. Thus the porous ceramic foam may be used to filter 
the carbon partides from the gas stream and to fadlitate their low temperature combustion to carbon di- 
oxide. For this application alkali, and alkaline earth, metal oxides are active materials, particulariy oxides 

40 of sodium, potassium, and barium. The catalyst may be made by impregnating the ceramic foam with one 
or more suitable precursors to such alkali materials eg alkali or alkaline earth nitrates or alkali metal hy- 
droxides or cartDonates. For this application the oeramk; form is preferably alumina, particulariy alka- 
lised alumina prepared by the incorporation of one or more alkali, or alkaline earth, metal compounds de- 
composable to the con-esponding oxide, into the dispersion or impregnated plastics foam, prior to sinter- 

45 ing The alkali, or alkaline earth, metal oxide impregnant of the resultant catalyst may also catalyse the 
removal of nitrogen oxides via fonnation of alkali (or alkaline earth) nitrate that in tum oxidises carbon. 
Moreover the alkali (or alkaline earth) will fadlitate establishment of equilibrium In the shift reaction 

CO + H2O < — > COa + H2 
and any hydrogen so formed will reduce nitrogen oxides. A combustion catalyst eg a supported predous 

50 metal, downstream of the alkalized ceramic foam filter, may be advantageous. 

Instead of the active material being present merely as a layer on or in the surface of the ceramic foam 
support, in some cases it is possible to make the ceramic foam itself from the active material of a precur- 
sor tfiereto. For example the ceramic foam may be fonned from iron oxide, eg magnetite, and used as an 
ammonia synthesis catalyst precursor {in which case the ceramic composition will generally also contain 

55 stabilisers such as alumina, and promoters such as Ume. magnesia, and potash and may also contain co- 
balt oxide) or as a nitnle hydrogenation catalyst precursor (in which case the ceramic foam will generally 
contain stabilisers such as alumina); on reducUon of the iron oxide in the ceramic foam, tfie resultant sin- 
tered iron foam generally has suffident strength and surface area to be of use as a catalyst in those ap- 
plications. Another example is to take the foam from an iron oxide/chromia mixture; such a composition is 

60 of use as a high temperature shift catalyst precursor. Yet another example is to make the ceramic foam 
from zinc oxide in which case the resulting foam is itself of utility as an absorbent for sulphur compounds 
such as hydrogen sulphide. In yet a still further application the ceramic foam is a z olite: in this case the 
foam ceramic may be a zeolite precursor material, eg kaolin, which is converted to zeolhe after caldna- 
tion. eg by treatment with an alkali. x 

65 Where the ceramic material is itself a catalyst or precursor, rather than merely a support for the 
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active material, the ceramic material pre! rably comprises a major amount, ie at least 50% by weight, of 
oxides of one or mor metal selected from iron, cobah, nickel, copper, vanadium, molybdenum, tungsten, 
chromium, manganese, and zinc, optionally with a minor amount, by weight, of oxides of one or more other 
metals (eg aluminium, calcium, barium, magnesium, zirconium, titanium, or alkali metals), or silicon, gener- 
5 ally acting &5 stabilisers or promoters. 

The invention is Qlustrated by the following examples. 

Example 1 

10 Pellets In the form- of cylinders of length 21^ mm and diameter 23 mm were stamped from a sheet of 
opervcelled polyurethane foam of density 0.029 g.cm-3 and in which the maximum pore size was about 1 .5 
mm. There were at least 7 pores per linear cm. 

A thixotropic aqueous alpha alumina slurry was made by dry mixing 100 parts by weight of alpha alumina 
having a partide size below 55 >im with about 1 part by weight of finely divided titania and then slowly add- 

15 ing about 40 parts by weight of an aqueous solution containing 1.5% by weight of polyvinyl alcohol of mo* 
lecular weight 125000 and 0.01% by weight of BDX wetting agent to give a thick dispersion. The viscosity 
of the dispersion (measured using a Haake Rotovisco rotating vane viscometer at room temperature as 
described above) at a shear rate of 24 sec-^ was 2200 cp while at a shear rate of 441 sec-i it was 100 
cp. The aqueous solution of the polyvinyl alcohol and wetting agent has Newtonian flow characteristics 

20 and its viscosity (measured on a Brookfield rotating cylinder viscometer at 24*C) was 5 cp measured 
over the shear rate range 7.5 to 75 sec\ 

While stirring the slurry in a mixer, the polyurethane foam pellets were added and the resultant mixture 
kneaded for 5 minutes. The resultant Impregnated foam pellets were then discharged from the mixer onto 
a tray having a mesh base. The tray was vibrated for 2 min. The impregnated pellets were then dried at 

25 about 70'C for 24 hours and then heated to 1370'C over a period of 24 hours and maintained at that tem- 
perature for 6 hours. 

The resultant alpha alumina foam pellets had the following properties: 
Length 17 mm 
Diameter 17 mm 

30 Volume shrinkage 56% 

Horizontal crushing strength 260 kg 
Apparent density 1 ,43 g.cm^s 
Mercury density 3.26 g.cm-3 
Helium density 4.02 g.cm-3 

35 BET surface area 0.20m2.g-i 
Micropore volume O.oecm^.g-^ 
Total pore volume 0.45 cm^.g-^ 
Total porosity 64% 
Megaporosity 56% 

40 The alumina foam pellets were then immersed in an aqueous solution containing 990 g.l-^ nickel nitrate 
hexahydrate and 534 g.l-^ aluminium nitrate nonahydrate for 15 minutes and then removed from the im- 
pregnating solution and allowed to drain for 1 hour. The impregnated pellets were then fired for 4 hours 
at 450'C. The Impregnation and firing procedure was repeated twice to give catalyst precursor pellets 
of the following composition by weight (after firing at 900*C): 
45 - 0zAl2O388% 

Ti02l% 
Ni011% 

The resultant catalyst precursors were then tested for steam reforming activity by the following pro- 
cedure: 

50 A numt>er of the impregnated foam pieces were charged to a laboratory steam reformer. The precur- 
sor was reduced to active catalyst by passing a mixture of natural gas, containing 91% vA/ methane, and 
steam (steam: natural gas volume ratio 3:1) at a rate of 1000 litres per hour at atmospheric pressure 
through the reactor while the temperature of the latter was increased to about 760''C over a period of 4 
hours. The exit concentration of methane was monitored. The temperature was then maintained at about 

55 760*C and the gas stream replaced by a mixture of nitrogen and steam (steam: nitrogen volume ratio 3:1) 
at a rate of 1000 litres per hour for 16 hours. The reactor was then cooled to 450*C. The steam/nitrogen 
mixture was then replaced by the original natural gas/steam mixture and the temperature was again then 
increased to atwut 760'C. Rnally the reactor was again cooled. The methane concentrations of the gas 
leaving the reactor at various temperatures are shown in the following table together with results ob- 

60 tained using a standard, commercial, steam refomiing catalyst in the form of cylinders of 17 mm diameter, 
17 mm length having a single through hole of diameter 7 mm and having a nickel oxide content of 10% by 
weight 
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10 



15 



20 



25 



30 



35 



40 



45 





1 Temperature 


Methane 


Content 




1 (*>C) 1 


1 (%) 






i 1 
1 1 


1 Foam support 


1 Standard 


* 

1 Initial heating 


•1 1 

1 500 1 


1 90 


1 90 1 




1 550 1 


1 5.0 


1 31 1 




1 600 


1 3.3 


1 14.5 




i 650 1 


1 1.5 


1 8.3 




1 700 


1 0.4 


1 5.2 




1 760 


1 0.15 


1 3.2 


1 Second heating 


1 500 


1 89 


1 90 1 




1 550 


1 89 


1 90 




1 600 


1 - 6.2 


1 90 

« 




1 650 


1 0.7 


1 90 


* 


1 700 


1 0.3 


I 90 




1 760 


1 0.12 


1 2.0 


1 Final Cooling 


I 700 


1 0.4 






1 650 


1 1.3 






1 600 


1 3.4 






1 550 


1 8.0 






1 500 ■ 


1 14.5 






1 450 


1 25.0 





50 This example shows that the catalyst has high activity and that the precursor is easily reduced to the 
active catalyst 

To assess the pressure drop characteristics of the catalyst precursor pellets, approximately 3 litres 
of the pellets were charged to a cylirtdrical vessel and the pressure drop experienced by a stream of air 
at atmospheric pressure (exit pressure) was determined using a water manometer at different air flow 
55 rates. The results are shown in the following table: 
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1 Air flow rate 


1 Pressure dr p 


acr S8 oed (am 0,20) 1 




1 






5 


1 Foam catalyst 


1 Stanaard catalyst I 


10 


1 2 


1 2.5 


1 1 1 




1 4 


1 4.5 


1 3.5 1 




1 6 


1 9 


1 7 1 


15 


1 8 


1 14.5 


1 11 1 




1 10 


1 23 


1 16 1 


20 


1 12.8 


1 37 


1 26.5 1 



This demonstrates that the catalyst exhibits superior pressure drop characteristics compared to the 
standard catalyst. Measurement of the heat transfer coefficient showed that the foam catalyst pellets 
25 had a coefficient that was about 1 0% greater than that of the standard catalyst 

Example 2 

The procedure of Example 1 was repeated with the incorporation of 6.4 parts by weight of potassium 
30 cartx>nate into the alumina slurry. In this example the foam pieces employed were shorter so that the cal- 
cined pellets had a length of 10 mm. It was found that only two impregnations of the fired foam were nec- 
essary in order to achieve an adequate loading of nickel. 

The properties of the foam support were as follows: 
Length 10 mm 
35 Diameter 17 mm 

Volume shrinkage 53% 
Horizontal crushing strength 115 kg 
Apparent density 1.13g.cm-3 
Mercury density 2.28 g.cm-3 
40 Helium density 3.78 g.cm-3 
BET surface area 0.69m2.g-'i 
Total pore volume 0.62cm3.g^ 
Micropore volume 0.17cm3.Q-i 
Total porosity 70% 
45 Megaporosity 50% 

The catalyst precursor pellets had the following composition (% by weight, after firing at 900"C): 

A120384 
K202.7 
Ti02l 

50 Ni012.3 

The reforming activity of the alkalised foam supported catalyst, together with that for a standard com- 
mercial alkatised steam reforming catalyst, is shown in the following table: 
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1 lenperacure 


t .nefcuane 




5 




1 \ c; 








1 




1 Foam support 


1 Standard 1 


10 








-1 1 


, 

1 Initial heating 


1 462 


1 90 


1 91 1 






1 


1 on 




15 




1 0Z7 


[ 09 


1 on ^ 1 






1 697 




1 Aft 1 
1 Oo 1 






1 750 


i 0.5 


1 lo 1 


20 












1 763 


1 0.3 


1 3.4 1 

-1 1 


25 


1 Second Eeatlag 


1 509 


1 90 


1 - 1 




• 


1 632 


\ 89 


1 - 1 








1 3.5 


1 ~ 1 


30 




1 714 


1 US 


1 - 1 






1 762 


1 0.55 


1 - 1 


35 


t Final Cooling 


1 725 


1 0.85 








1 671 


1 1.9 








1 621 


1 4.1 




40 














1 569 


1 8.1 








1 523 


1 15.0 




45 




1 477 


1 24.5 






* 


1 435 


1 36.5 





In another experiment, the stability of the foam supported catalyst was assessed by steam reforming 
methane at atmospheric pressure at an outlet temperature of about TfiO^C and using a steam/methane 
molar ratio of 3:1. The test was conducted for over 2000 hours during which time the out let 
methane concentration remained in the range 0.4 to 0.55% by volume (on a dry basis), except for a short 
55 period eariy in the duration of the experiment when it dropped to 0^5% by volume. 

Examole 3 

Pellets in the form of cylinders of length 10 mm and diameter 13 mm were stamped from a sheet of open- 
60 celled polyurethane foam of density 0.18 g.cm-3 and in which the maximum pore size was about 1 mm. 
There were at least 10 pores per linear cm. 

A thixotropic aqueous kaolin slurry was made by dry mixirtg 100 parts by weight of kaolin having a parti- 
cle size below 100 ^m with about 15 parts by weight of an aqueous solution containing about 5% by weight 
of polyvinyl alcohol. Then 95 parts by weight of deionised water was slowly added to give a thtdc disper- 
65 sion. 
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The polyurethane foam pellets were added and the resultant mixture kneaded The resultant impregnat- 
ed foam pellets were then placed on a coarse sieve and shaken to remove the excess of the kaoDn dis- 
persion. The impregnated pellets were then dried at about 50*C for 24 hours and then liealed to 700*C 
for 2 hours to bum out the polyurethane foam and convert the kaolin to meta-kaolin. After cooling the re- 
sultant porous meta-kaolin pellets were converted to Zeolite A by heating at 100«C with a 10% by weight 
solution of sodium hydroxide. Samples of the pellets were removed from the alkali after, various times 
and thoroughly washed In deionised water to remove any excess of alkali. The resultant pellets had the 
following characteristics: 



10 



15 



20 



25 



30 



40 



45 



1 lime of Inmerslon 


: Apparent density 


1 Crushing Strength I 


1 in alkali at 100°C 


1 (g.cm ■') 


1 (kg) 1 


1 (hours) 




• 


1 0 


1 0.73 


1 3.4 1 


1 1 


1 0.97 


1 27.2 1 


1 2 


1 1.01 


1 38.6 1 


1 3 


i l.OS 


56.8 1 


1 5 


1 1.06 


1 39.8 1 



X-ray examination of the pellets after 3 hours Immersion revealed ttiat the pellet consisted of zeolite A 
in admixture with illite in the ratio of 2 parts by weight zeolite to 1 part illite. The pellets had a total porosity 
of 55% and a total pore volume of 0.45 cm3.g-i. The megaporosity was about 42%. The zeolite A pellets 
were of use as adsort>ents eg for pressure swing adsorption. 



35 Example 4 



In this example the polyurethane foam pieces employed were indenticaJ to those used in Example 3. 150 
g of haematite of particle size below 50 \im was mixed with 15.5 g of aluminium nonahydrate. 14 ml of an 
aqueous solution containing 220 g per litre of potassium nitrate, 45 ml of an aqueous solution containing 
5% by weight of polyvinyl alcohol, and 135 ml of deionised water, to give a thick thixotropic dispersion. 
The pellets were impregnated with the slurry, drained, and dried as in Example 3 and then sintered by 
heating to 1300»C at a rate of lOO^'C per hour and maintaining the temperature of ISOO'C for 2 hours to 
give sintered iron oxide pellets A suitable for use as ammonia synthesis catalyst precursor. The above 
procedure was repeated using 24.5 g of aluminium nonahydrate and 10 ml of the potassium nitrate solu- 
tion to give pellets B of similar utility. The pellets A and B had the following properties: 



50 



55 



60 



Property 1 


Pellets 




A 1 


B 


Apparent density (g.cm ) 1 


2.78 1 


1.98 


Volume shrinkage (Z) 1 


78.8 1 


79.3 


* 

Horizontal crush strength (kg) 1 


47 1 


29.5 



The above procedure was repeated using a disc of th polyurethane foam of diameter about 15 cm and 
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15 mm thidoiess in place of the polyurethane foam pellets. The disc was impregnated with the haematite 
slurry by placing the disc on a vibrating tray and slowly pouring the slurry onto the surface of the disa 
By this technique the sintered iron oxide ammonia synthesis catalyst precursor was prepared as a slab 
suitable for packing into a tubular synthesis reactor as a fixed, rather than particulate, bed. 

5 

Example 5 

The procedure of Example 4 was repeated using magnetite in place of haematite. The dried impregnat- 
ed foam pieces were fired in air at 400*C and then in argon at 1300»C to sinter the magnetite. The prod- 
10 uct had the following properties: 

ijength 10 mm 

Diameter 6.5 mm 

Horizontal cnjshing strength 49 kg 

Apparent density 2.02 g.cm-3 
15 Mercury density 4.19g.cm"3 

Helium density 4.65g.cm-3 

BET surface area 0.19m2.g-i 

Total pore volume 0.28cm3.g-i 

Micropore volume 0.02cm3.g-i 
20 Total porosity 57% 

Megaporosity 52% 

Example 6 

25 Samples of cylindrical alpha alumina ceramic foam pellets of diameter 6 mm and length 8 mm, and of di- 
ameter 11-2 mm and length 13 mm. were made by the procedure of example 1 , except that the plastics foam 
pieces were squeezed between rollers to expel alumina slurry before they were dried and fired. Sample 
A was fired at 1300*'C whereas sample B was fired at 1400**C. For comparison purposes a sample C. the 
same size as sample B, was prepared in the same way except that the plastics foam was not squeezed to 

30 expel alumina slurry. The properties of the sintered products were as follows: 



35 






Sample 








A 


1 B 


i c 


40 


1 length (mm) | 


8.0 


1 13.0 


1 13.0 




1 diameter (mm) | 


8.0 


i 11.2 


1 11.2 


45 


1 HCS* (kg) 1 


1.4 


1 11 


1 230 




1 Apparent density (g.cm ) I 


0.36 


1 0.75 


1 1.54 




1 Mercury density (g.cm ) 1 


3.07 


1 3.30 


1 3.38 


50 


1 Helium density (g.cm ^) I 


3.96 


I 3.97 


1 3.98 




3 —1 

1 Total pore voliune (cm'^.g ^) j 


2.52 


1 1.08 


1 0.40 




3 —1 

1 Micropore volume (cm .g ) I 


0.07 


1 0.05 


1 0.05 


55 


1 Total porosity (Z) 1 


91 


1 81 


1 61 




1 Megaporosity (Z) 1 


88 


1 77 


i 54 
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* horizontal crush strength 

It is seen that the ceramic foams made in accordance with the invention contain more material and ar 
much stronger than those mad by processes giving a ceramic skeleton f the polyurethane foam. The 
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latter have insufficient strength for use as supports in practical industrial catalytic applications. 
Example 7 

In this example the use of the ceramic foams in accordance with the invention for carbon particle re- 
moval is demonstrated. 

Alpha alumina foam pieces were prepared as described in Example 1 and, after caldnanon, were tnrv 
pregnated with aqueous solutions containing 100 g per litre of potassium cartwnate. After Impregnation 
the pieces were dried at 120**C for 3 hours. To test the samples natural gas was saturated with toluene 
vapor and bumt in a deficiency of air so as to produce a smoky flame containing a large number of car- 
bon partides. The test pieces were suspended in the soot forming region of the flame for 30 seconds, af- 
ter which the test piece was suspended above a normal, fully combusted natural gas/air flame for 60 sec- 
onds and then the test piece was inverted and re-suspended above the normal flame for a further 60 
seconds. The amount of carbon remaining on the test piece was assessed visually. For purposes of com- 
parison, pieces that had not been impregnated with alkali were similariy tested. Also tested were the faec- 
es prepared as in Example 2 wherein the alkali was incorporated into the ceramic foam prior to calcina- 
tion; these samples were tested with and without further impregnation with alkali. 

The results were as follows: 



Sample 1 


Observations 1 


alkalised 1 


Ready deposition of soot with filtering of 1 


Example 1 1 


the smoky flame: only traces of soot left 1 




after burning in the normal flame* 1 


un-alkalised I 


Ready deposition of soot with filtering of I 


Example 1 1 


the smoky flame: after burning off in the 1 




normal flame, soot removal was incomplete 1 




leaving localised carbon containing regions 1 


1 un-allcalised 1 


Less soot deposited than in above cases: 


1 Example 2 


1 soot removal after burning in the normal 




1 flame incomplete. 


1 alkalised 


1 Soot deposition as with un-alkalised sample 


I Example 2 


1 soot removal after burning in normal flame 




1 virtually complete. 



Similar results were obtained when sodium cartwnate was used In place of potassium carlwnate. When 
the above procedure was repeated using pieces in the fonn of unalkalised. and alkali impregnated, alpha 
alumina rings of pore volume 0.19 cm^.g-i, and calcium aluminate rings of pore volume 0.28 cm3.g-i, simi- 
lar results were obtained except that there was no filtering of the smoky flame and the degree of removal 
of the soot on burning off in the normal flame was less complete. 

A 500 ml sample of test pieces that had been uniformly coated with soot by the abov procedure was 
charged to an air oxidation unit comprising an lectrically heated stainless steel reactor of diameter 50 
mm through which air was passed at 25 1.h-r The heaters were adjusted to to increase the temperature 
of the exit gas to 600^ over a period of 3 hours. During this period the exit gate was analysed for car- 
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bon m noxide and carbon dioxide by gas chromatography. 
The results were as follows: 



10 



15 



20 



25 



30 



35 



Sample 



unalkallsed 
Example I 



alkali Bed 
Example 1 



calcium 
aluminate 
rings 



Observaclons 



Carboa dioxide was evolved when the exit gas 
temperature reached 200^C and attained a 
maximum concentration at a temperature of 
300^C. No carbon monoxide vas detected* 

Carbon dioxide* was evolved from the sample 
at temperatures well below ZOO^C and the 
carbon dioxide evolution was essentially 
complete when the temperature had reached 
300^C. No carbon monoxide was detected. 



Carbon dioxide started to be evolved when 
the temperature reached 30O-350**C« The 
maximum carbon . dioxide concentration was 
achieved when the exit temperature was about 
500^C« No carbon monoxide was detected. 



40 



45 



50 



The amount of carbon dioxide referred to is significantly 

« 

more than the carbon dioxide that is initially evolved, at 
relatively low temperatures, even if the sample ha^ not been 
coated with soot - presumably as a result of a carbon dioxide 
releasing reaction of the alkali carbonate impregnant with the 
alumina* 



Example 8 

55 500 g of finely powdered csilcined alumina were mixed with 5 g of finely powdered titanium dioxide and 
then 250 ml of the polyvinyl alcohoUwetting agent solution as used in Example 1 were added. White the re- 
suftant dispersion was sheared, 500 ml of open cell polyurethane foam granules, prepared by 'grinding* 
polyurethane foam pellets in a coffee mill for 2 minutes, were added and the resultant mixture sheared 
for 2 minutes. The impregnated foam granules were then discharged on to absorbent paper, allowed to 

60 dry in atr for 24 hours, and then calcined in air at 1400*^0 for 2 hours. The resulting ceramic foam gran* 
ules were then sieved to obtain a 1 to 3 mm size fraction. 

Th sieved granul s were then impregnated with a solution containing aluminium, nickel, and copper ni- 
trates in such proporti ns that there were about 5 nickel atoms and 7 copper atoms to each aluminium at- 
om. The impregnated granules were then heated in a fumace at 350^0 for 2 hours and then the tempera- 

55 tur inaeased to 475''C arid held at that temperature for 3 hours. The impr gnation and calcination pro- 
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cedure was then repealed. The resultant catalyst contained a total of about 10.5% by weight of copper 
oxide, nickel oxide, and alumina derived from the Impregnating solution. 

The catalyst was tested for hypodilorite decomposition activity by charging 100 ml of the catalyst 
granules to a reactor of 25 mm diameter immersed in an oil bath. An aqueous solution containing 1500 ppm 
by weight of sodium hypochlorite was passed through a preheater coil in the bath and then fed to the bot- 
tom of the reactor. The exit liquid from the reactor was analysed This test procedure was repeated using 
different bath temperatures and liquid flow rates. 

By way of comparison bauxilite chips were impregnated in a similar manner and tested. In order to ob- 
tain a comparable content of oxides derived from the impregnating solution the chips were given three im- 
pregnation/caldnation stages. 

The results were as follows: 



I Flow rate I Temperature I Exit HaOCl coacentratlon (ppm) 

I (l.hr^b I (®C) I 

I I I Foam granules I Chips 

, , , 1 

I A I 40 I 285 I 305 

i 5 I 50 I 130 I 140 

16 I 60 I 70 I 40 



Claims 

1. A catalyst, or a precursor thereto, comprisiag a ceramic body comprising, or supporting, the active 
catalyst or a material convertible thereto, wherein the ceramic body has a foam structure having a net- 
work of in-egular passages extending therethrough, characterised in that said passages have au aver- 
age minimum dimension in the range 20 to 300 ^m. and said ceramic body has a total porosity in the range 
40 to 85% and an appeirent density of at least 1 g.cm*3. 

2. A catalyst or precursor according to claim 1 wherein the ceramic body has an apparent density in 
the range 1 to 2.6 g.cm-3. 

3. A catalyst or precursor according to daim 1 or claim 2 wherein the ceramic body has a total pore vol- 
ume in the range 0.2 to 1 .5 cm ^.g-^. 

4. A catalyst or precursor according to any one of claims 1 to 3 wherein the ceramic body has a mega- 
porosity of at least 60%. 5. A catalyst or precursor according to any one of daims 1 to 4 wherein the 
megaporosity of the ceramic body is 60 to 90% of the total porosity. 

6. A catalyst or precursor according to any one of claims 1 to 5 wherein the ceramic material compris- 
es alumina, iron oxide, an iron oxide chromia mixture, zinc oxide, or a zeolite. 

7. A catalyst or precursor according to any one of daims 1 to 6 comprising a ceramic foam support 
body impregnated with a catatyticalty active material or with a material convertible thereto by heating 
and/or reduction or oxidation. 

8. A catalyst according to daim 7 comprising a ceramic foam support body impregnated with at least 
one alkali, or alkaline earth, metal oxide, or with a material convertible thereto by heating. 

9. A catalyst or precursor according to any one of daims 1 to 5 wherein the ceramic material conripris- 
es a major amount by weight, of oxides of one or more metals selected m\ iron, cobalt, nid^el, copper, 
vanadium, molylxJenum, tuwgsten, chromium, manganese, and zina 

10. A steam reforming catalyst or precursor according to daim 6 comprising nickel and/or cobalt, or a 
redudble compound thereof, supported on an alpha alumina ceramic foam body. 

1 1. A process for the producton of a catalyst, or precursor thereto, comprising 

a) forming a ceramic foam catalyst support body by impregnating an open cell organic plastics foam 
with a dispersion of a particulate ceramic material in a carrier liquid, drying said impregnated foam, and 
heating the dried impregnated foam in air to remove the organic plastics foam and to cause the ceramic 
partides to sinter, and 

b) impregnating said catalyst support with catalytically active material or with a material convertible to 
catatytically active material by heating and/or oxidation or reduction, characterised in that the disper* 
sion is thixotropic and th impr gnation and drying steps are effected so as to fill th pores f the 
foam with the dispersion and to dry the thus impregnated foam without removing ceramic material from 
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the foam pores thereof, whereby said heating in air causes the ceramic particles to sinter to fomi a ce- 
ramic negative replica of said open cell foam. 

12, A process according to daim 11 for forming a steam reforming catalyst precursor wherein the ce- 
ramic material is siiicafree and the support is impregnated with at least one metal nitrate including nidcel 

5 and/or cobalt nitrate, and calcining tine impregnated support to decompose the nitrates to the conB- 
sponding oxides. 

13. A steam reforming process where in the catalyst employed comprises nickel and/or cobalt support- ' 
ed on shaped pieces of asllica-free ceramic foam having a network of inregular passages extending 
therethrough, said passage shaving an average minimum dimension in the range 20 to 300 jim, said foam 

1 0 having a total porosity in the range 40 to 85% and an apparent density of at least 1 .0 g.cm-3, 

Patentansprflche 

1. Katalysator oder Vorl&ufer dafOr mit einem Keramikkdrper. der aus dem aktiven Katalysator oder 
15 einem in den aktiven Katalysator umwandelbaren Material besteht oder den aktiven Katalysator oder ein 

In den aktiven Katalysator umwandelbares Matenat trSgt. wobei der Keramikkdrper eine Schaumstruk- 
tur mit einem Netzwerk von unregelmaBigen Durchgangen hat, die sich durch den Keramikkorper hin- 
durch erstrecken, dadurch gekennzeichnet, daB die Durchgange eine mittlere Mindestabmessung von 
20 bis 300 )im hat>en und der Keramikkdrper eine Gesamt-Porositdt von 40 bis 85% und eine scheinbare 
20 Dichte von wenigstens 1 g.cm"3 hat 

2. Katalysator oder Voriaufer nach Anspmch 1. bei dem der Keramikkdrper eine scheint>are Dichte 
von 1 bis 2,5 g.cm-3 hat 

3. Katalysator oder VorlSufer nach Anspmch 1 oder Anspruch 2, bei dem der Keramikkdrper ein Ge- 
samt-Porenvo!umen von 0,2 bis 1 ,5 cm3.gr^ hat 

25 4. Katalysator oder Voriaufer nach einem der AnsprOche 1 bis 3. bei dem der Keramikkdrper eine Me- 
gaporositSt von wenigstens 60% hat 

6. Katalysator oder Voriaufer nach einem der AnsprOche 1 bis 4, bei dem die Megaporositat des Kera- 
mikkdrpers 60 bis 90% der Gesamt-Porosit§t betrdgt 

6. Katalysator oder Voriaufer nach einem der AnsprOche 1 bis 5, bei dem das keramische Material 
30 Aluminiumoxid, Eisenoxid, eine Bsenoxid-Chrom{lll)-oxid-Mischung, Zinkoxid oder einen Zeolithen ent- 

hatt Oder daraus besteht 

7. Katalysator oder Voriaufer nach einem der AnsprOche 1 bis 6 mit einem Keramikschaum-Tragerkdr- 
per. der mit einem katalytisch aktiven Material oder mit einem Material, das durch Erhitzen 

und/oder durch Reduktion oder Oxidation in ein katalytisch aktives Material umgewandelt werden 

35 kann, impragniert ist 

8. Katalysator nach Anspruch 7 mit einem Keramikschaum-Trageikdrper, der mit wenigstens einem Al- 
kali- Oder ErdalkaRmetalloxid oder mit einem Material, das durch Erhitzen in wenigstens ein Alkalf- Oder 
Erdalkaiimetalloxid umgewandelt werden kann. impragniert ist 

9. Katalysator oder Voriaufer nach einem der AnsprOche 1 bis 5, bei dem das keramische Material ei- 
40 ne grdBere Menge, auf die Masse bezogen, von Oxiden eines oder mehr als eines Metalls enthatt, das 

aus Eisen, Cobalt Nickel, Kupfer, Vanadium, Molybdan, Wolfram. Chrom. Mangan und Zink ausgewahit 
ist 

10. Wassserdampfreformierungs-Katalysator oder Voriaufer nach Anspruch 6, der Nickel und/oder 
Cobalt Oder eine reduziertjare Vert)indung davon enthatt, das oder die auf einem alpha-Aluminiumoxid- 

45 Keramikschaumkdrper getragen wird. 

11. Verfahren zur Herstellung eines Katalysators oder eines Voriaufers dafur, bei dem 

a) ein Keramikschaum-Katalysatortragerkdrper gebildet wird. indem ein offenzeiliger Schauinstoff 
aus organisdiem Kunststoff mit einer Dispersion eines teilchenfdrmigen keramischen Materials in ei- 
ner TragerfiOssigkeit impragniert wird, der impragnierte Schaumstoff getrocknet wird und der ge- 
50 trocknete impragnierte Schaumstoff an der Luft ertiitzt wird. urn den Schaumstoff aus organischem 
Kunststoff zu entfemen und ein Sintem der keramischen Teilchen zu bewiri«n, und 
b) der Katalysatortrager mit katalytisch aklivem Material oder mit einem Material, das durdi Ertiitzen 
und/oder durch Reduktton oder Oxidation in katalytisch aktives Material umgewandelt werden kann, 

impragniert wird, , . . 

55 dadurch gekennzeichnet daB die Dispersion thixotrop tst und daB die Schritte des Impragnierens und 
Trocknens derart durchgefuhrt werden, daB die Poren des Schaumstoffs mit der Dispersion gefullt wer- 
den und der so impragnierte Schaumstoff ohne Entfemung von keramischem Material aus seinen 
Schaumporen getrocknet wird, wodurch das Erhitzen an der Luft ein Sintem der keramischen Teilchen 
unter Bildung einer negativen keramischen Nachbildung des offenzeOigen Schaumstoffs bewirio. 

60 12. Verfahren nach Anspruch 11 zur Bildung eines Voriaufers fur einen Wasserdampfrefomnierungs- 
Katalysator, bei dem das keramische Material silidumdioxidfrei ist und der Trager mit wenigstens einem 
Metallnitrat einschlieBnch Nickel- und/oder Cobahnitrat impragniert wird und der impragnierte Trager 
caldniert wird, um die Nitrate zu den entsprechenden Oxiden zu zersetzen. 
13. Wasserdampfr formiemngs- Verfahren, bei dem der venwendet Katalysator Nickel und/oder Co- 

65 bait enthait die auf geformten Stucken eines silidumdioxidfreien Keramikschaums getragen werden, der 
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ein Netzweri^ von unregelmafligen Durchgangen hat, die sich durch den Keramikschaum hindurch er- 
strecken, wobei die Durdigang eine mittler© Mindestabmessung von 20 bis 300 jim habsn und der Kera- 
mikschaum eine Gesamt-Porosit§! von 40 bis 85% und eine scheinbare Dldite von wentgstens 1 gxnrs 
hat 

5 

Revendlcations 

1. Catatyseur cu pr^curseur de celui-d, oomprenant un corps cdramique comprenant ou supportant le 
catalyseur actif ou une mati§re pouvant §tre convertie en celuid, dans lequel le corps c^ramique a une 

10 structure de mousse traverses par un r^seau de passages In'^guliers, caractdris^ en ce que ces pas- 
sages ont une dimension minimum moyenne dans ia gamme de 20 h 300 \in\ et que ce corps ceramtque a 
une porosit§ totale dans la gamme de 40 k 85% et une density apparente d'au moins 1 .gcm*^. 

2. Catalyseur ou prtojrseur suivant la revendication 1, caract^ris§ en ce que le corps c^ramique a 
une densiti apparente dans la gamme de 1 a 2, 5 g.cnr^. 

15 3. Catalyseur ou prtojrseur suivant la revendication 1 ou la revendication 2, caract^risd en ce que le 
corps c^ramlque a un volume de pores total dans la gamme de 0,2 & 1 ,5 g.cm~9. 

4. Catalyseur ou pr^^rseur suivant I'une queiconque des revendicsdions 1^3, caract6ns6 en ce 
que le corps c^ramique a une m^aporosite d'au moins 60%. 

5. Cat^seur ou prdcurseur suivant Tune queiconque des revendications 1 & 4, caracterts^ en ce 
20 que la megaporosit6 du corps c^ramique est de 60 d 90% de la porositd totale. 

6. Catalyseur ou prtoirseur suivant I'une queiconque des revendications 1^5, caractdrisd en ce que 
le materiau c^ramique comprend une alumine. un oxyde de fer, un melange d*oxyde de fer - oxyde de chro- 
me,-un oxyde de zinc ou une zeolite. 

7. Catalyseur ou prdcurseur suivant Tune queiconque des revendications 1^6, caractdris^ en ce 
25 qull comprend un corps de support de mousse c§ramique impri6gn§ d*une mati^re active catalytiquement 

ou d'une mati^re pouvant §tre convertie en celle-ct, par chauffage et/ou reduction ou oxydation. 

8. Catalyseur suivant la revendication 7, caract^ris6 en ce qu'elle comprend un corps de support de 
mousse c^ramique impr^gn^ d'au moins un oxyde de mdtal alcalin ou alcalino-terreux ou d'une mali§re 
pouvant §tre convertie en ceux-d par chauffage. 

30 9. Catalyseur ou pr^curseur suivant I'une queiconque des revendications 1^5, caract^rlsd en ce que 
le materiau c^ramique comprend une quantity majeure en polds d'oxyde d'un ou de plusieurs mdtaux choi- 
sis panni le fer, le cobalt, le nickel, le cuivre, le vanadium, le molybdene, le tungstdne, le chrome, le marv 
gan^se et le zinc. 

10. Catalyseur de reformage k la vapeur ou prdcurseur de oelui-d suivarrt la revendication 6, carac- 
35 t^rise en ce quil comprend du nickel et/ou du cobalt ou un compose reductible de ceux-d, supportes sur 

un corps de mousse odramique d'alpha-alumine. 

1 1 . Proc^dd pour la production d'un catatyseur cu d'un pr6curseur de celui-d, comprenant: 

a) la formation d'un corps de support de catalyseur en mousse ceramtque par impregnation d'une 
mousse plastique organique k cellules ouvertes avec une dispersion d'un matdriau ceramique particu- 

40 laire dans un liquide support, le s6chage de cette mousse impr^n^e et le chauffage de la mousse im- 
pregnee s6chee k Fair pour §Uminer la mousse de matidre plastique organique et provoquer le frittage 
des particules cdramiques, et 

b) I'impregnation de ce support de catalyseur avec une matidre catalytiquement active ou avec une 
matidre susceptible d'etre convertie en une matidre catalytiquement active par chauffage et/ou oxyda- 

45 tion ou reduction, caract^risd en ce que la dispersion est thixotrope et que les 6tapes dlmpr^nation 
et de sechage sont effectudes de fa9on k remplir les pores de la mousse avec la dispersion et k 
Cher la mousse ainsi impregnee sans enlever la matiere ceramique des pores de la mousse, si bien que 
le chauffage k I'air provoque le frittage des particules ceramiques et forme ainsi une r6plique negati- 
ve en ceramique de cette mousse k cellules ouvertes. 
so 12. Proc6d6 suivant la revendication 11 pour former un pr6curseur de catatyseur de reformage k la 
vapeur, caract6ris6 en ce que le matdriau c6ramique est d6pourvu de siltce et que le support est tmpr6- 
gnk d'au moins un nitrate mdtallique comprenant un nitrate de nickel et/ou de cobalt et que le support tnv 
pr§gnd est caldn6 pour decomposer les nitrates en les oxydes correspondents. 

13. Precede de refomnage k la vapeur, caracterise en ce que le catalyseur employe comprend du nic- 
55 kel et/ou du cobalt supportes sur des pieces fa^onnees de mousse ceramique depour^e de siTtoe tra- 
versee par un reseau de passages irreguHers, ces passages ayant une dimension minimum moyenne 
dans la gamme de 20 d 300 pm, cette mousse ayarrt une porosite totale dans la gamme de 40 e 85% et une 
densite apparente d'au moins 1,0 g.cm-3. 
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